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Standardized laboratory bioassays were carried out at the Institute for Biological Control of the
Federal Biological Research Center for Agriculture and Forestry to determine the susceptibility of two
Colorado potato beetle (CPB) populations to Bacillus thuringiensis ssp. tenebrionis (B.t.t.). The beetles
were collected from fields near Darmstadt/Hessen, and Michelfeld/Baden-Württemberg. The Michelfeld
population, collected from an ecological farm, was sprayed since 1993, once or twice a year with
NOVODOR FC, a formulation of B.t.t. The Darmstadt population was never sprayed with B.t.t. before. Our
studies showed that the susceptibility of the larvae (LD50 values) of the two populations did not differ each
other significantly. Although resistance of CPB to B.t.t. under laboratory conditions has already been
demonstrated, our presumption is that the resistance development of CPB on the field is probably much
slower when the farmer is using crop rotation. 
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Bacillus thuringiensis ssp. tenebrionis (B.t.t.) was discovered in Darmstadt,
Germany, in 1982 (Krieg et al., 1983, 1984). The d-endotoxin of the novel Bacillus thu-
ringiensis strain (pathotype C) is especially active against leaf beetles (Chrysomelidae),
but ineffective against Lepidoptera, Diptera, or other insect orders. In the following years
Herrnstadt et al. (1986) reported about another strain with coleopteran activity, Bacillus
thuringiesis ssp. san diego, which was later found to be identical to B.t.t. (Krieg et al.,
1987). The chrysomelid active character of B.t.t. has allowed scientists to start laboratory
and field experiments with Colorado potato beetle (CPB).
The results of the field experiments in Germany showed that B.t.t. could play an
important role in the future as a successful tool for the biological control of larvae of the
CPB (e.g. Langenbruch et al., 1985; Langenbruch and Riethmüller, 1990; Langenbruch
and Hommel, 1991; Langenbruch, 1992; Gürlich and Langenbruch, 1994). The scientific
results of American researchers were similar. Ferro and Gelernter (1989), Zehnder and
Gelernter (1989), Ferro and Lyon (1991) and Hough-Goldstein et al. (1991) reported
about successful biological control with different formulations of B.t.t.
The d-endotoxin of B.t.t. is an environmentally sound alternative to broad spec-
trum synthetic insecticides to control CPB. Recently, products based on B.t.t. and licenced
as a biological insecticide are available on the markets of most countries in Europe and
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North-America (NOVODOR FC). Biological insecticides are mainly used IPM growers,
ecological farmers and ecological thinking hobby-gardeners. The Cry3A d-endotoxin has
already been genetically engineered into potatoes, too (Gasser and Fraley, 1989). These
modificated potatoes producing d-endotoxin against the CPB are already available on the
American market.
Whalon et al. (1993) first reported about resistance of CPB against B.t.t. under
laboratory conditions. After 12 generations of B.t.t. selection, the selected CPB strain was
59 times more resistant than the unselected CPB strain, and 24–35 times more resistant
than other susceptible, or insecticide-resistant strains. Rahardja and Whalon (1995) inves-
tigated the genetic inheritance of CPB resistance to B.t.t. d-endotoxin. They suggested that
the resistance might be caused by more than one locus. The resistance was not stabile.
When the selection pressure was removed, the resistance level of the selected colony
decreased after five generations. Trisyono and Whalon (1997) reported about the fitness
costs of resistance to B.t.t. In their experiments the resistant females produced 60% fewer
eggs than susceptible ones.
Is the development of B.t.t. resistance to be expected in the field (e.g. on isolated
farms using NOVODOR for a long time)? Must ecological farmers be afraid to loose an
effective biological tool against CPB soon? Can the susceptibility of the CPB larvae
towards B.t.t. be measured with standardised methods?
Materials and Methods
Colony and bioassay
At the end of May, 1999, CPBs were collected from two German farms. One of
the farms (Michelfeld / Baden-Württemberg) produces agricultural products ecologically.
Therefore, NOVODOR FC has been used once or twice a year, for a period over 5 years,
to control CPB. The other farm, where imagines were collected, is found 10 km from
Darmstadt / Hessen. B.t.t. was never sprayed here before. The two colonies, which were
maintained in the greenhouse of the institute, allowed to carry out bioassays to determine
the susceptibility of the L1 larvae towards B.t.t.
In laboratory bioassays, according to Riethmüller and Langenbruch (1989), L1
larvae 24 hrs after hatching and holding on potato leaves tested to determine the LD50. 10
small leaf discs (d = 3 mm), each bioassay contained five treatments, in three repetitions
treated with 2 microliter distilled water, and with four ascending contrentrations of the
product NOVODOR FC, which contains according to the German index of plant
protection products 20 g B.t.t./kg. Every assay was repeated three times. After 48 hours on
the treated leaf discs, the larvae received untreated potato leaves until the end of the expe-
riment. After six days the dose-mortality-effect was determined. The temperature during
the experiment was 24±1 °C, the photoperiod 16:8 LD.
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Data analysis
Data were analysed by probit regression (Finney, 1971); Abbott’s (1925) formula
was used to correct the mortality. Bioassays with more than 10% control mortality were not
evaluated. With probit-regression the LD50 value with the 95% fiducial limits, and the slope
of the regression line with the standard deviation, could be computed. Eight bioassays were
carried out with the Darmstadt population, and seven bioassays with the Michelfeld popu-
lation. On the one hand, the LD50 values of the populations could be compared with t-test,
but this method does not take the 95% fiducial limits into consideration. On the other hand,
there is a possibility by the probit-regression to compare two regression lines after computing
a new common slope. With this method to determine an estimate of relative medium potency
(and 95% fiducial limits) the two populations are comparable (Daum and Killcreas, 1966).
Because of the asynchronous egg laying of the imagines in the different CPB
strains it was not possible to carry out the bioassays parallel. Therefore, summarising the
replications of the populations (8 x 3 = 24 replications by the Darmstadt population, and
7 x 3 = 21 replications by the Michelfeld population) seems to be a right way. This method
does not take the different larval body weight into consideration, but because of the large
number of investigated larvae (about 1000/population) it is a sure method. The larval
body weight could have influenced the LD50. Therefore, the larval body weight of both
populations should previously be compared. Because all other circumstances of the
bioassays were similar, summarizing of the replications is possible when no significant
differences between the two groups are found.
Results and Discussion
Table 1 shows the larval body weight and the LD50 values computed with the
probit regression analysis, the 95% fiducial limits of LD50 values, and the slope with the
standard error for every bioassay.
As Table 2 shows using the t-test for statistical analysis, with respect to body
weight, no significant difference was found between the populations (t = 1.149; df = 13;
P= 0.271). The fact that the larval body weight did not differ from each other can be easily
explained. The larvae used for bioassays were held 24 hours after hatching on untreated
potato leaves. All of them had the possibility to consume enough. The fact that the larval
body weights are homogeneous in the two groups, allowed us concentrate all replicates.
By comparing the LD50 values with t-test the differences were also not significant
(t = 0.059; df = 13, P = 0.954). This test cannot take 95% fiducial limits into consideration,
so, before rating this result, the other evaluation method (concentrating of all replicates)
should be completed.
Table 3 contains the data of the probit regression after the concentration of all
replicates. The average body weight of the Darmstadt population was 1.13 mg, the
Michelfeld population 1.31 mg. The computed LD50 values hardly differred from each
other: 2.38 x 10–6 mg B.t.t./larva of the Darmstadt population, and 2.12 x 10–6 mg B.t.t. of
larva by the Michelfeld population. An interesting effect is that the Michelfeld population
with the heavier larval body weight is somewhat more susceptible to B.t.t. than the
Darmstadt population.
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Table 4 shows the estimate of relative medium potency with the 95% fiducial
limits. By this method the Darmstadt population is just 1.12 times more resistant than the
Michelfeld population, but the fiducial limits show that there is no difference between the
populations regarding the susceptibility to B.t.t.
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Number of Body weight LD50 (mg B.t.t./larva) LD50 Slope
bioassay (mg/larva) x 10–6 95% fiducial limits ± SE
Darmstadt
0.85 2.50 1.93–3.17 3.48±0.68
0.93 2.87 2.04–4.56 2.43±0.49
0.95 2.14 1.47–2.97 2.13±0.48
0.97 1.92 1.41–2.46 2.96±0.57
1.00 2.67 2.22–3.25 3.89±0.60
1.16 2.14 1.70–2.67 2.82±0.45
1.25 2.65 1.83–4.01 3.11±0.70
1.93 2.17 1.65–2.80 2.49±0.45
Michelfeld
1.36 1.74 1.25–2.28 2.13±0.40
0.85 2.69 2.08–3.49 2.82±0.52
1.21 1.77 1.40–2.21 2.98±0.49
1.25 1.09 0.70–1.44 2.37±0.48
1.40 2.11 1.56–2.82 2.11±0.40
1.50 2.05 1.43–2.92 1.79±0.40
1.61 5.42 0.37–12.7 1.73±0.44
Table 1
Body weight, LD50 value and spole for each bioassay of the tested populations
Population Body weight LD50 (mg B.t.t./larva) LD50 Slope of the
(mg/larva) ± SE x 10–6 95% fiducial limits regression line ± SE
Darmstadt 1.13±0.12 2.38 2.12–2.68 2.88±0.16
Michelfeld 1.31±0.09 2.12 1.88–2.39 2.08±0.15
Table 3
Body weight, LD50 value and slope for each population after the concentration of all replicates
Population Body weight (mg/larva) LD50 (mg B.t.t./larva)
± SE x 10–6 ± SE
Darmstadt 1.13±0.12 a 2.38±0.12 b
Michelfeld 1.31±0.09 a 2.41±0.53 b
Numbers in a column followed by some letter are not significantly different
(P = 0.05) by t-test.
Table 2
Mean of larval body weight and LD50 per population
These data do not accord with the results of Whalon et al. (1993), and Rahardja
and Whalon (1995). One reason may be that the American scientists have worked under
laboratory conditions; the observed resistance of CPB was due to a permanent B.t.t. treat-
ment. Another possibility could be that the farm where the Michelfeld population was
collected from, is spraying NOVODOR FC only since 1993, once or twice a year. This
spraying period may be too short to develop a resistance. The third possibility is that the
imagines collected from the farm in Michelfeld were flown in from another region. The
probability for this is low, because the farm is relatively separated from others, situated in
a valley, and the field of the next potato grower was found 3 km far away, but not 100%
excludable.
Although, until now, in our investigations no occurrence of resistance was veri-
fied (if NOVODOR FC applied once or twice a year), to avoid the development of resist-
ance, the growers should sometimes alternate NOVODOR FC with other insecticides.
However, due to the negative experience in laboratory investigations it will be necessary
to test the susceptibility of CPB after every five years in which B.t.t. was used, in order to
recognize a diminished susceptibility to this pathogen. For these monitoring studies our
standardized bioassay method is suitable.
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